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Abstract 

The momentum distribution of A hyperons produced from the quark-gluon 
plasma (QGP) in ultra-relativistic heavy-ion collisions is calculated in dependence 
on their polarization. The momentum distribution of A hyperons is defined by 
matrix elements of relativistic quark Wigner operators, which are calculated within 
the Effective quark model with chiral U(3) x U(3) symmetry and the Quark-Gluon 
transport theory. We show that the polarization of the A hyperon depends of the 
spin of the strange quark that agrees well with the DeGrand-Miettinen model. We 
show that A hyperons, produced from the QGP, are fully unpolarized. This means 
that a detection of unpolarized A hyperons, produced in ultra-relativistic heavy- 
ion collisions, should serve as one of the signatures for the existence of the QGP in 
intermediate states of ultra-relativistic heavy-ion collisions. 
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1 Introduction 



Experimentally a strong polarization of single and double strange baryons produced in 
high-energy nuclear reactions has been well established |Tj. According to experimental 
studies of the polarization of the A hyperon in high-energy nuclear reactions, summarized 
by Felix [2], the polarization of the A hyperon depends on p±, the momentum of the 
A hyperon transversal to the direction of the incoming beam of colliding nuclei, and 
Xf = 2p z /y/s, where p z is the momentum of the A hyperon longitudinal to the direction 
of the incoming beam of colliding nuclei and s is the squared total center-of-mass of event 
energy |2j. Then, it turned out that the polarization of the A hyperon, produced in high- 
energy nucleus-nucleus reactions, is the same for different targets and different materials 
with different atomic numbers j2J- Different theoretical models for the description of 
the polarization of A hyperons, produced in high-energy nuclear reactions, have been 
discussed in details by Felix 

Such a high level of polarization of A hyperons, produced in high-energy nuclear 
reactions, can be treated as test for the classification of nuclear matter in the normal 
state. Any violation of high polarization of the A hyperons should testify an "anomalous" 
state of nuclear matter. For the first time the idea that phase transitions, peculiar for a 
subnuclear matter in the form of a quark-gluon plasma (QGP), can provide a symmetry 
breakdown leading to the complete depolarization of A hyperons, has been suggested by 

Stock m. 

A vanishing polarization of A hyperons as possible signature of a QGP has been 
analysed theoretically in Refs.jS]-[7j in the semi-classical di-quark, s-quark recombi- 
nation model jS], Regge-type models jjj. However, as has been pointed out by Bell- 
wied H that (i) recent measurements with polarized beams [0] seem to indicate that the 
semi-classical di-quark, s-quark recombination model is inconsistent with the measured 
forward-backward asymmetry (An) and spin transfer asymmetry (Dnn) and (ii) Regge- 
type models and the quark fragmentation model do not necessary lead to the complete 
depolarization of A hyperons produced from a QGP. 

According to Bellwied [S] the measurements of the polarization of the A hyperons in 
ultra-relativistic heavy-ion collisions would be of interest regardless the obtained results, 
since nowadays the question of the depolarization of the A hyperon, produced from a 
QGP in relativistic heavy-ion collisions, is still open. The measurements of the transversal 
polarization of A hyperons produced in 11.6^4 GeV/ c Au+Au collisions at the Alternating 
Gradient Synchrotron (AGS) at Brookhaven National Laboratory carried out by the E896 
Collaboration |Hj show that for p± > 1.5GeV/c and Xf > 0.5 the Silicon Drift Detector 
Array (SDDA) exhibited P A o = (-25.7 ± 7.5)%, whilst the Distributed Drift Chamber 
(DDC) gave P\o = (—23 ± 11)%. These results show jH] that in the heaviest collision 
systems A hyperons are still polarized at freeze-out. The direction of the A hyperon 
spin is slightly affected by the rescattering phase after hadronization. These measurements 
are first to confirm the polarization of A hyperons produced in heavy-ion collisions [8 . 

The problem of polarization of A hyperons as a probe for a QGP has been recently 
discussed by Ayala et al. [10] • For the description of the polarization of the A hyperons 
for densities below a critical density for the formation of a QGP the authors have used 
the di-quark, s-quark recombination mechanism within the DeGrand-Miettinen model 
(21 EJ. Assuming that for densities higher than the critical density of the formation 
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of a QGP a recombination mechanism of the A polarization should be changed to the 
coalescence of free valence quarks, the authors have found that the polarization of the A 
hyperons should depend on the relative contribution of each process to the total number 
of the A hyperons produced in the collision. 

In this paper we suggest to analyse the problem of the polarization of A hyperons, 
produced from a QGP in ultra-relativistic heavy-ion collisions, in terms of the momentum 
distribution of the number of A hyperons N A o(k) defined by [T2"l ITS] 

E % = J^l *(*°) M x > Qkfda^x), (1.1) 

where the common factor 2 is the spin degeneracy of the A hyperon and f A o (x, k) is 
its distribution function, and da^{x) is a normal vector to the freeze-out 3-dimensional 
surface £/ in the configuration space-time [121 EH- The distribution function f A o{x, k) is 
taken in the Jiittner form [THE)] (see also [121112]) 

/A ° (X ' k) = e (k-U(x)-» A0 (x)/T(x) + 1 ' (L2) 

where U(x), [Ia°( x ) an d T(x) are the 4-dimensional hydrodynamical local velocity, the 
baryon chemical potential and the temperature, and = (k°, k ) with k° = E = 



k 2 + m 2 A0 is the 4-momentum of the A hyperon, 6(k°) is the Heaviside function. 
In order to take into account polarization properties of the A hyperon it is convenient 
to determine the distribution function f A o(x,k) in terms of the positive energy Wigner 
function W$\x, k)p a [IE] PH 

6(k°)f A o{x,k) =J2w$\x,k) Qa = tiW$\x,k), (1.3) 

a 

where Wj£ (x, k)p a is defined by [To] [T7] 

W$\x,k) /la = [^0{kP)e^ k -V(n\:$ A o(x + ±y) ^ (x - ±y) : |n). (1.4) 



Here \Q) is the vacuum wave function, (z) is the interpolating field for free A hyperons, 
and : . . . : indicates the normal ordering |15j . 

The interpolating field 4>a (% =b ?//2) we represent as 

+v(p,a)bl(p,a)e-V-( x± y/ 2 ), (1.5) 

where u(p, a) and v(p, a) are the Dirac bispinors normalized by 

u(p,a)u(p,a f ) = -v(p,cr)v(p,(T') =8 aa >. (1.6) 

The operators a A o(p, a) and a A0 (p, a) annihilate and create the A hyperon with quantum 
numbers (E,p, a), whereas the operators b A o(p, a) and b A0 (p, a) annihilate and create the 
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anti-A° hyperon (A°-hyperon) with quantum numbers (E,p,a). These operators satisfy 
canonical relativistic covariant anticommutation relations 

{a A o(p,a),a{ (q,X)} = {b A o(p, a), b[ (q, A)} = (2tt) 3 2E(p) 8<®(p - q)6 aX , 
{a A o(p,cr),a A o(q,\)} = {b A o(p, a), b A o(q, A)} = 0. (1.7) 

The vacuum expectation values of the products of operators of creation and annihilation 
of A and A hyperons are equal to ^] 

(Q\a[ (q,\)a AO (p,a)\Q) = (2tt) 3 2E(p) 5®(q - p) / A o(0,p) S Xa , 

(n\b\ tf,\)b K0 &<T)\n) = (2nf2E(p)5^(q-p)f A o(0,p)S Xa . (1.8) 

Computing the vacuum expectation value in (jl.4j) we define the Wigner function for the 
polarized A hyperon as 

W { +\x, k)p a = 9(k°) p(k, (U /a"(0, k). (1.9) 

Here p(k, Q a p is the spin density matrix 

p(fc,CW = ^^(i + 7 5 C), (l.io) 

where a = 7^0^ and C 1 is the polarization vector given by ^2] 

e = ( p -I x - + — «JHl — ) d.n) 

^"^ao m A o (E(k) + m^o ) ' 

and ( is a unit vector, ( 2 = 1. 

In the non-relativistic limit m A o 3> \k \ the spin density matrix p(k, Q reduces to the 
standard form 

P(k,C) = 1 -(l + a-C), (1.12) 

where a are 2x2 Pauli matrices. 

Substituting (jl.9|) in (|1.3J) and computing the trace over Dirac matrices we prove the 
relation (jl.3j) . One can replace f A o(0, k) by f A o(x, k) for the A°-hyperon gas in the quasi- 
equilibrium state fHJEI]- The result should be valid for any non-equilibrium state of the 
A°-hyperon gas. 

Thus, we have shown that the A hyperon, treated as a point-like particle and pro- 
duced from the QGP, should be unpolarized. It is well-known that quark degrees of 
freedom play an important role for production and polarization of the A hyperon in 
hadron-hadron and nucleus-nucleus collisions. Therefore, the polarization of A hyper- 
ons, produced from the QGP, should be investigated at the quark level. 

The work is organized as follows. In Section 2 we define a momentum distribution of A 
hyperons, produced from the QGP, in terms of the matrix elements of the relativistic quark 
Wigner operators. In Section 3 we calculate the matrix elements of the relativistic quark 
Wigner operators within the Effective quark model with chiral U(3) x U(3) symmetry 
and the Quark-Gluon transport theory. In Section 4 we analyse the dependence of the 
momentum distribution of the number of A hyperons on the polarization of A hyperons. 
We show that A hyperons produced from the QGP are unpolarized. In the Conclusion we 
discuss the obtained results. In Appendix A and B we calculate the momentum integrals 
defining the momentum distribution of A hyperons in our approach. 
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2 Momentum distribution of A hyperons. Relativis- 
tic quark Wigner operator 

At the quark level the momentum distribution of the number N A o(k) of A hyperons, 
produced from a QGP in ultra-relativistic heavy-ion collisions, can be defined by ^3] 

d 3 N A o(k) 
* d 3 k 

= E E | da»(x)k»9(k°) J d 4 p{A°(k,X)\W^(x,p)\A°(k,X)), (2.1) 
A = ±1/2 g = u, d, s 

where £ is a surface of a "freeze-out" isotherm |T3]. Then, W^ q \x,p) is the relativistic 
g-quark Wigner operator determined by [T7] 

Wi + \x,p)=9(p°) J ^e-^-V :q{x+ l -y)® q {x- l -y):, (2.2) 

where dots : . . . : indicate the normal ordering. 

The vacuum expectation value of the relativistic quark Wigner operator 

(n\w^\x, P )\n) (2.3) 

is equal to the distribution function of the g-quark ^SJEl- in turn, the matrix element 

(A°(M)|Wt-W)|A°(M)> (2.4) 

describes a projection of the g-quark, appearing in the intermediate state of ultra- 
relativistic heavy-ion collisions, on the physical states of A°-hyperons on-mass shell. 

The calculation of the matrix elements we suggest to carry out within the Effective 
quark model of baryons with chiral U (3) x £7(3) symmetry [HI] [21] arid the Quark-Gluon 
transport theory [T7] . 

3 Matrix element (A°(jfe, A) | W" g (+) (x, p) | A°(/c, A)) 

In this section calculate the matrix element (J2.4|) . Using the reduction technique we get 

mm 

(A°(M)|# (+ W)|A°(M)> = hm I d^xxd^e^'^-^uAk.X) 

k 2 ^M\J 



~ M A o) (fi|T(V A o(a:i)W'W(a;,p)^Ao(a:2))|n> ( - if A - M A o )u A o(k, A), 



dx\ ) g \ dx 



(3.1) 



where ip A o(x) and u A o(k, A) are the interpolating field operator and the Dirac bispinor of 
the A hyperon, respectively. 
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In order to describe the r.h.s. of Eq. (J3.1|) at the quark level we follow (THj and use the 
equations of motion 



if f]^p -M A oj i> A o(xi) = -^=77 A o(xi; 



il) A o(x 2 )(-ij a -^-M A o\ = ^T] A o(x 2 ), (3.2) 

where M A o = 1116 MeV is a mass of the A hyperon. Then, t] A o(xi) and 7^0(^2) are the 
three-quark current densities JH] 

vA x i) = ~\J\ £ijk {[ uC i( x ih^ s j( x i)h^ 5d k(xi) - [d c i (x 1 )'y' l s j (x 1 )]'y IJ ,'y 5 u k (x 1 )}, 
V A °(x 2 ) = +y| e iik {d i (x 1 )'f'y s [s j {xi)'y li u c k {xi)] - u i {x l )'f'y B [s j {x 1 )'y^ k {x l )]}, (3.3) 

where i,j and k are colour indices and ip c (x) = ip(x) T C and C = —C T = —C^ = —C^ 1 
is the conjugation charge, T is a transposition, and g-Q is the phenomenological coupling 
constant of the low-lying baryon octet B 8 (x) coupled to three-quark current 

C\l\x) = ^B 8 (x)r ]8 (x)+h. C . J (3.4) 

where the numerical value of g-Q is equal to g-& = 1.34 x 10 _4 MeV -2 [T5] . 
Substituting ()3.2|) in ()3.1j) we obtain 

(A (k,\)\W^(x,p)\A°(k,\)) = ^ijd'x^x^-^-^u^ikA) 

x ^{(nlT^CxOwWCx^)^^))^)}^^^), (3.5) 

where the trace should be calculated over colour and spinorial indices of quark fields. 
Recall, that the A hyperon should be kept on mass-shell k 2 = Mf . 

The matrix element tr{(fi|T(r/^ ' (xi)Wq (x, p)f}Tp (x2))\£l)} is defined by 

tr{(Q|T(#( a ; 1 )^ +) ^p)#N)|Q>} = J ^- 4 e(p°)e- ip -y 

x ti{(n\T(r lA i(x 1 ) :q( x + ^y)® q(x - ±y) : ^(x 2 ))|fi)}. (3.6) 

The calculation of the vacuum expectation value in the r.h.s. of ()3.6)1 we carry out by the 
example of W^ u '(x,p). This calculation runs in the way 

tr^lT^xO : u(x + ± y) ® u(x - \ y) : fj%\x 2 ))\Q)} = -| 

x tr{(fi|T({[^(x 1 ) 7 %-(x 1 )](7 M 7 5 4(xi)) (Q) - [^(x 1 ) 7 %-(x 1 )](7 m 7 5 ^(^i)) (q) } 

x : u e (x + ~y) <g> u/(a: - ^y) : {(^(xjItV)^^^)^^)] - (^'(^tV) * 5 
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x [s r (x 2 ) lu dl,(x 2 )]})\Q)} = -^^V^'tr{(fi|T([^(x 1 ) 7 ^,(x 1 )](7 M 7 5 4(xi)) (a) 
x u° e (x + \y)®u c l {x -^y)(d^X2h^ 5 ) W) [s r (x 2 ) lv u c kl (x 2 )})\n)} 
+?^V^'tr{(0|T([^(x 1 ) 7 %-(x 1 )] 

+ ^^V^'tr{(fi|T([u-(x 1 )7^^x 1 )](7 M 7 5 4(x 1 )) (Q) M £ (x -\y)® u e (x + ^y) 
x (^(x 2 ) 7 V) (/3) [s>(x 2 )7^(^)])|fi)} 

+ ^^V^'tr{(fi|T([^(x 1 ) 7 ^^x 1 )](7 M 7V(xi)) (Q) M £ (x - \y) ® ^(x + 1 y) 

x(4(x 2 ) 7 V) (/3) [^(^)7X'(^)])|fi)}. (3.7) 

In the r.h.s. of ()3.7|) the trace should be calculated over spinorial indices of quark fields 
only. Making necessary contractions we get 

tr^OlT^Or!) : u(x + X -y) ® u(x - ±y) : fjfl (x a ))\Q)} = 

= 4tr{SP(x ~xi + \ y)7 M 4 S) (zi - x 2 )YS ( p\x 2 -x + ~ y)}{irf S$> ( Xl - x 2 ) lvl ^ 
+4tr{ 7 ^ ) (*i - x 2 )YS?(x 2 - a; 1 )}(7 M 7 5 4 U) (^i ~ x ~\ V) S f\ x ~ x *~\ yh^)^ 
-4( 7M 7 5 4 d) (^i - x 2 )YSP(x 2 - x 1 )-fS^\x 1 y)S$\x ~x 2 -\ y)7,7 5 ) M) 

-4(7 m7 5 5(")(x 1 - x - ~ y)5M(i - x 2 - ~ y)i v sf{x 2 - x x ) 1 ^sf{x 1 - x 2 ) lvl 5 )^ . 

(3.8) 

In an analogous way one can calculate the matrix elements of the operators d(x + | y) ® 
d(x — \ y) and s(x + ~ y) ® s(x — | y). They read 

tr^filT^CxOdCa: + \y)®d(x- 1 - y)fffi (x 2 ))\Sl)} = 

= 4tr{4 d) (x - + 1 y) 7 M 4 S) (^i - x 2 )YSf(x 2 - x + \ y)}{l i Tf'Sf{x 1 - x 2 ) 7 , 7 5 ) (a/3) 
+4tr{ 7 ^4 S) (^i - x 2 )YSP(x 2 - x 1 )}( 7m 7 5 4 ) (^i - * - £ 2/)4^ " ^ - ^ 2/)7,7 5 ) (a/?) 
-4( 7/ ,7 5 4 U) (^i - *2)-f&F\*2 ~ *i)7 M 4 d) (£i - ^ - ^ V^O* - *a - \y)lvl*) {aP) 
-4( 7m 7 5 ^ ) (^i - z - \ y)S (d \x ~x 2 -\ y)YS { ;\x 2 - x l )^Sf{x 1 - x 2 ) 7 ,7 5 ) M) 

(3.9) 

and 

tr{(Q\T( v ^(x l )s(x+ l -y) ® s(x - ± y)f}^ (x 2 ))\Q)} = 

7 



= Atr{sP(x 2 - x 1 )YS i ;\x 1 - x + -y)S F s) (x - x 2 + -yh u }(i»i 5 S?(x 1 - x 2 ) 7 ,7 5 ) M) 

+4tr{4 d) (x 2 - x 1 )^S i ;\x 1 - x + ly)S ( ;\x - x 2 + \ y)i v }{irf sf {x x - x 2 ) 7i , 7 5 )^ 

-4( 7/i7 5 4 d) (x 1 - x 2 ) 1 v sf{x 2 -x- l ~ y)S { ;\x -x x -\ y)^sf{ Xl - x 2 ) 7 „ 7 5 )^ 

-A( lfll 5 sP( Xl - x 2 )YS { ;\x 2 -x-\ y)Sf{x ~xt-\ y)-fsf{x x - x 2 ) lul ")^ . 

(3.10) 

The two-point fermion Green function has the following form 

where Sf{q) is the Fourier transformation of the two-point Green function Sf(z). For 
finite temperature T it is equal to j22] 

S F (q) = -27Ti%°) 5(q 2 - m 2 ) ^ - ff+ff /T ~ , (3-12) 

where U is a hydrodynamical velocity, \i is a quark chemical potential of light w and d 
quarks related to the chemical potential of the A hyperon by fi\o = 2/x. The chemical 
potential of strange quarks we set zero, since in our approach they are massive with mass 

77l s . 

For the non-equilibrium quark gas the quantities U, fi and T should depend on a 
space-time point x (jl.2j) . The hydrodynamical velocity U(x), the quark chemical potential 
fi(x) and temperature T(x) as functions of the space-time point x should be obtained by 
solving transport equations within the Quark-Gluon transport theory ^Tj. However, as 
we show below for the analysis of the polarization properties of A hyperons produced 
from the QGP we do not need to know the explicit expressions and x-dependence of the 
parameters U(x), fi(x) and T(x). 

We would like to emphasize that our definition of the two-point quark Green function 
runs parallel to the ideology of the Parton Model [23] and the Coalescence Quark 
Model |25| • 

Using the vacuum expectation values defined above we are able to proceed to the 
momentum representation of the quark Green function and to calculate the quantity 

W (+ \x,p; k) a ? = 

= 6(p°) J d^x^x 2 d%e lk ■ ^ ~ x *) e ~ l P ' V tr{<fl|T(7&(*i)^ +) (M VapMM 
+d(p°) j d 4 x 1 d\ 2 d^ye ik < x ^- x ^h- i P-ytv{(n\T( v to(x 1 )wi + \ 
+6(p°) J d 4 x 1 d*x 2 d%e lk -( x i- x 2\e- t P-ytr{(n\T( V Uxi)W^ 

(3.13) 
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We get 

9(p°) J d A Xl d A x 2 e lk ■ ^ ' x ^ tr{(n\T(rjUxi)Wi + \x :P ) fj$(x 2 ))\n) = 

= 4 0(p°) J 0^ tr{YS { ;\- q )YSP(- P )S^(-p)} ( 7 ,7 5 4 d) (? - P ~ W) (o/3) 

+A6{pQ) J ^^4 S) (?)7^4 d) (? + P-^)}(7M7 5 4 U) (p)4 U) (p)7,7 5 ) (Q/3) 

-4fl(p°) / ^(7M7 5 4 d ^)7^4 S) (?+P-^)7 M 4 U) (p)4 U) (p)7,7 5 ) (Q/?) 

- 4 «(P°) / ^(7,7 5 4 U) (p)4Hp)7^4 S) (?)7 m 4 ) (? + ^-p)7,7 5 ) {q/3) (3.14) 

and 

| dV^2e*M*i-*2) tr{(n | TW 

= 4%°) | 7 |^(7M7 5 4 ) (?)7^4H9 + P-A:)7 M 4 ) (P)4 ) (P)7,7 5 ) ( ^ 
+40(p°) | 7 J^(7M7 5 4 ) (p)4 ) (p)7^4Hg)7 M 4" ) (? + ^-p)7,7 5 ) (a/3) 
-4fl(p°) / ^tr{7^4V?)7^4Vp)4 ) (-p)}(7M7 5 4 ) (?-p-^)7,7 5 ) M) 

(3.15) 

and 

0(p°) j d^d^e^ ■ ( Xl - X2 hr{{n\T(r ] % (x l )W( + \x,p)^ = 

= 4%°) f ^(7m7 5 4 ) (?)7^4 ) (p)4 ) (p)7' 1 4 U) (p + ^-?)7,7 5 ) (q/3) 

+4%°) | ^(7M7 5 4 ) (?)7 i/ 4 ) (p)4 ) (p)7 M 4 ) (P + ^-?)7,7 5 ) (Q/3) 

"4 0(p°) | ^ tr{4 M) (q)rS { ;\- P )SP (-p)y } ( 7M 7 5 4 } (? + P + A:)7,7 5 ) (Q/3) 

"4 0(p°) | tr{4 } (g) 7 ^4 S) (-p)4 } ("JOt"} (7m7 5 4 } (? + P + %,7 5 ) M) .(3.16) 

Since the quarks u and are massless and the strange quark s is massive with mass m s , 
we can set 

4 ) (p)4 ) (p) = 4 ) (p)4 ) (p) = o. (3.17) 
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Indeed, using (I3.12|) we get 

SP( P )SP(p) = -(2vr) 2 ^ 2 ) , TT g— 6(p^ 



e 



(p-U-fi)/T + 1 ^ J e (p-U-v)/T + 1 



-(2tt) 2 5(0) ^5 = o, (3.18) 



( e (p-l7-Ai)/T + 1 y 

where we have used the property of the 5-function p 2 5(p 2 ) —0 l . 

As a result the quantity W^"'(x,p\ k) a/3 is defined by the contribution of the strange 
s-quark only 

W (+ \x,p; k) afB = 

= 4 %°) J ^tr{4" ) (g) 7 ^4 s Vp)4 S Vp)7^}(7M7 5 4" ) (? + P + ^)7,7 5 ) {Q/3) 

+4%°) J ^tr{4 d) (g) 7 ^4 s Vp)4 S Vp)7^}(7,7 5 4 U H? + P + ^)7,7 5 ) (Q/3) 

-40(p°) J ^(7,7 5 4 d) (?)7^4 S) (p)4 S) (p)7 M 4 U) (P + ^-?)7,7 5 ) (a/3) 

-45(pP) | ^ (7,7 5 4 U) (?)7^4 S) b)4 S) (p)7 M 4" ) (P + * - ?)7,7 5 ) (a/3) . (3-19) 

Thus, in our approach the polarization properties of the A hyperon are fully defined by 
the strange s-quark. This agrees well with the DeGrand-Miettinen model of polarization 
of A hyperons ^T] and the experimental data on polarization of A hyperons in proton- 
induced reactions testifying that the spin of the A hyperon is caused by the strange 
s-quark and that the u and d quarks are combined into a diquark with zero total angular 
momentum and isospin [27]. 

Due to the Heaviside function 9{p°) the r.h.s. of (|3.19|) can be transcribed into the 
form 

W {+ \x,p; k) a(3 = 

= -89(p°) J -J^(7,7 5 4%)7^^ (3-20) 

Now we are able to calculate the momentum distribution of A hyperons produced from 
the QGP in dependence on the A°-hyperon polarization. 



4 Polarization of A hyperons 

Substituting ()3.20|) in (j2.1|) we obtain the momentum distribution of A hyperons produced 
from the QGP in terms of the Green functions of quarks treated in the non-equilibrium 

1 The infinity related to 6(0) can be deleted by introducing the rate of the number of A hyperons (see 
Ea. !|H2|) in Section 4). 
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state with U, /i and T depending on a space-time point x. It reads 

x S { ;\x; P )S { ;\x; P )rsP(x;p + k-q) ll/1 5 Ck + m A0 )(l + 7 5 C)}. (4.1) 

Using the expressions for the quark Green functions (j3.12J) with U, // and T, replaced by 
U(x), /i(x) and T(x), we reduce the r.h.s. of (|4.1|) to the form 

d 3 N A o{k) 2 m s f /" 4 4 5(p 2 -m^) 

^ —ffik~ = 2gB ^L ^ {X)K ^ k ^J dpdq ^ ) eP .U(x)/T(x) + 1 

5(p 2 - m 2 s ) 0(q°)S(q 2 ) 

X e p ■ U(x)/T(x) +le (q. U(x) - »(x))/T(x) + l 

6(p° + k° - q°)5{{p + k - qf) 
X e ((p + * - Q) ■ U{x) - im(x))/T(x) + 1 

x (- 1) ti{^ 5 qY(P + m s )^(p + k - q) lvl *{k + m A o)(l + 7 5 C)}. (4.2) 

The trace over 7-matrices is equal to 

(-1) ti{l^qi u {p + m s )Y{P + k- q)lul\k + m A o)(l + 7 5 C)} = 

= (16(fc • p) + 8m s m A0 )(p + k) 2 + mm^p^k^ (4.3) 

where we have taken into account the properties of the ^-functions S(q 2 ) and 5((p+k— q) 2 )- 
The r.h.s. of (|4.2jl we suggest to rewrite as follows 

d 3 N A o(k) 2 m s [ /■ <*V 4 ? 6(p°)5{p 2 - m 2 s ) 



VP 2 + m s (eP-U(x)/T(x) +1 V 
6(q°)5(q 2 ) 6(p° + k°- q°)5((p + k — q) 2 ) 



e (q ■ U(x) - fi(x))/T(x) + i e ((p + k-q)-U(x) - (i(x))/T{x) + 1 
x (- 1) tr{ 7M 7 5 g 7 I/ (p + m s ) 7 ^(j3 + fc - g) 7 , 7 5 (£ + m A o)(l + 7 5 C)}, (4.4) 

where we have used the definition of the 5-function 



9(p°) 5(p 2 - m 2 s ) = 0(p°) 6(P [ ^g± mg) (4.5) 



2^Jp 2 + m 2 

According to this definition the 5-function 5(0) can be determined as 

5(0) = lim — . (4.6) 

T^OO 2,71 

Substituting ()4.6|) into (|4.4|) . dividing both sides by r and introducing the notation 

N A0 (k) = lim ^1 (4.7) 

r— >oo 7" 
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for the rate of A hyperons produced from the QGP we get 

d 3 N A o(k) _g% m s f . . fl , f0 , f d*pd*q 6(p°)5(p 



■ 2 m 2 



d 3 k 2tt 

m A° Jt, J \/p 2 + m 2 s ^ g p • U{x)/T{x) _|_ j 

%°)(% 2 ) 6(p° + k° - q°)5((p + k - q) 2 ) 

X e (q- U(x) - /i(x))/T(x) + le ((p + h-q)- U(x) - fJ.(x))/T(x) ~ [ 

x (- 1) ti{ lfll 5 qY{P + m s )Y{P + k- q)lul\k + m A o)(l + 7 5 C)}. (4. 
Substituting (|4.3j) in (|4.8j) we end up with the expression 

d 3 N A ,(k) , al m, ^ „,,,„,,„, A <iV 4 9 WV""!) 



k d 3 k 2vr m A o i s w m \ y 



X 



v j ^/p 2 + m 2 ^ e p • U(x)/T(x) + A 

6(q°)8(q 2 ) 6(p° + k° — q°)6((p + k — qf) 



2 



(g ■ C/(x) - fi(x))/T(x) + le ((p + k-q)- U(x) - ^x))/T(x) + x 
(fc ■ p) + - m s m A o) (p + fc) 2 + im s e^ Ptl q v k a Cp . (4.9) 



e 

x 

It is obvious that integration over the momenta p and g leads to the vanishing of the term 
proportional to the polarization vector of A hyperons (. This means that A hyperons 
produced from the QGP are unpolarized. 

Now let us show that the momentum distribution (J4.9)) can be reduces to the form 
analogous to (jl.2|) . For this aim we assume that the Fermi-Dirac gasses of quarks and 
A hyperons can be described well in the Boltzmann gas approximation [13 . This allows 
to neglect the contributions of unities with respect to exponentials in the distribution 
functions of quarks and A hyperons. 

In the Boltzmann quark gas approximation the integrand of (J4.9|) can be transcribed 
into the form 

d*NAk) =32 gJrn 1 _ f da » {x)k e{k * )e -{k.U{x)-^{x))/T{x) 
k d 3 k 2n m A o J s ^ v 

. f P 6(p°) 5(p 2 - m 2 )((k-p) + - m s m A o) (p + k) 2 e ~ 3 P ' U{x)/T{x) 
Jp 2 + m 2 \ 2 / 

J d A q6(q°)5(q 2 )6(p + k° -q°)5((p + k-q) 2 ), (4.10) 

where we have used fJ> A o(x) = 2fj,(x). Then, the function 

e -{k-U(x)-iM A o(x))/T(x) ( 411 ^ 

coincides with the distribution function of the A hyperon (jl.2|) in the Boltzmann gas 
approximation. This testifies the correctness of our quark level approach to the description 
of the momentum distribution of the number of A hyperons produced from the QGP. 
The calculation of the integrals over q and p in (J4.1U)) are adduced in the Appendix A 
and B. 



x 
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Using the results obtained in Appendix A and B we get 



d 3 N A o (k ) 
cPk 




da^ix)^ 6(k°) F(U(x),T(x), k) f A o(x, k). 



(4.12) 



We have denoted F(U(x),T(x), k) = 4tt 3 I(U(x), T(x), k) (see (B.7) of the Appendix B). 

In our approach Eq. (j4.12|) describes the momentum distribution of the rate of A 
hyperons produced from the QGP. Since it does not depend on the polarization of A 
hyperons, in our approach A hyperons, produced from the QGP, are unpolarized. This 
agrees well with the results obtained within other theoretical approaches |4] [7| ITU]. 

5 Conclusion 

We have analysed the polarization properties of A hyperons produced from the QGP. We 
have described the momentum distribution of A hyperons, produced from the QGP, in 
terms of the matrix elements of the relativistic quark Wigner operators. The matrix ele- 
ments of these operators we have calculated within the Effective quark model with chiral 
U(3) x U(3) symmetry and the Quark-Gluon transport theory. We have shown that using 
the quark distribution functions in the form of the Juttner distribution functions with a 
hydrodynamical 4-velocity U(x), a quark chemical potential /i(x) and a temperature T(x) 
depending on the space-time point x, the momentum distribution of A hyperons can be 
represented in the form of the integral over the freeze-out surface of the Jiitther distri- 
bution function of A hyperons. We have shown that without solving the Quark-Gluon 
transport equations for the parameters U(x), fi(x) and T(x) the momentum distribution 
of the rate of A hyperons does not depend of the polarization of A hyperons. This means 
that A hyperons are unpolarized, when they are produced from the QGP. 

Since it is well-known that in high-energy nuclear reactions A hyperons are produced 
highly polarized, the obtained depolarization of the A hyperons in the QGP can serve as 
a one more signature of the QGP. 

We would like to emphasize that in our approach the momentum distribution of the 
rate of A hyperons has turned out to be defined by the matrix elements of the relativistic 
strange quark Wigner operator only. Thus, in our approach the polarization properties 
of A hyperons are fully determined by the spin of the strange s-quarks. This agrees 
well with the DeGrand-Miettinen model and the experimental data on the A hyperon 
production in proton-induced nuclear reactions |27j . Such an agreement testifies the 
correctness of the application of the relativistic quark Wigner operators and the Effective 
quark model with chiral U(3) x U (3) symmetry to the analysis of baryon production by 
the QGP in ultra-relativistic heavy-ion collisions. 

Our result concerning the production of unpolarized A hyperons from the QGP agrees 
well with the results obtained within other theoretical approaches |4~] [7| ITU] . 
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Appendix A. Calculation of the integral over q 

Let us denote the integral over q as I(p, k). The calculation of I(p, k) runs in the way 
J(p, k)= J d A q 6(q°)5(q 2 ) 6(p° + k° - q°)5((p + k — qf) = 



jd^q 'dq o9 ^-5(q°-\q 



6{p° + k°- q°) 



5(p° + k° -q° -\p + k-q\). (Al) 



2\p + k-q 
Integrating over q° we obtain 

d 3 q 9(p° + k°-\q\) 



I(p,k) = J 



2|?| 2\p + k-q 
In the spherical coordinates the integral over q reads 

dQr, 



5(p l> + A; u - \q\ - \p + k - q\). 



HP,k) = - / d\q\\q\ , . . , 

4 Jo J \p + k — q\ 



5(p° + k u - \q \ - \p + k-q\), 



(A.2) 



(A3) 



where dVL$ is the solid angle. 

The integration over the solid angle runs as follows 



/ 



- ~. *(p° + k°- \q\ - \p + k - q |) = 2tt 

\p + k - q I 



p7T 

Jo 



d6 sin# 



9° + k° - 
Making a change of variables 



X 5(p° + k" - \q\ - sjip + k^ + q 2 -2\p+k\\q\cos6). 



<l{p + k) 2 + q 2 -2\p + k\\q\cos6 

(A4) 



we get 



/ 



t = \/(p + k) 2 + q 1 - 2|p + k\\q\ cos6> 
dVLff 



(A5) 



\p + k - q\ 

2 n l+ltfl 



S(p° + k — \q\ - \p + k - q |) = 



2tt 



dt5(p° + r - |g| -t) = 

\e(p° + k° - \q\ - \\p + k I - I? ||) - 6{p° + k° -\p + k\- 2\q\)]. (A6) 
\q\\p+k\ L J 

Thus, I(p, k) is defined by the expression 
7T /- p0+fc0 r 

I(p,k) = ^^ I d^l^o + fcO-^l-l^+fcl-I^D-^ + ^-l^+fcl-^l) 

(A7) 



2\p + k \ Jo 
Integrating by parts we get 



I(p,k) = -^ T - [ P+k d\q\\q\\e(\q\-\p + k\)8( 
2\p + k | Jo 



'p° + k° + \p + k\ 



- m) 



/(p° + k° - \p + k | 7r 
A 2 |g| )J = 2- 



(A8) 



Hence, the integral over p does not depend on the integral over q. 
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Appendix B. Calculation of the integral over p 

Let us denote the integrals over q and p as I(U, T, k) 

I(U,T,k) = 8gl^L f e(jP) S(p 2 - m 2 s ) 

x ^ . p ) + I msmA0 ) (p + k) 2 e~^ p ' U{x)/T{x) ( BV 
Due to the Heaviside function 6>(p°) we can rewrite the integral as follows 

I(U, T,k)=4g 2 B ^ [ d 3 p -^- 2 5(p° - v^T^f) (k°p° -k-p+l m s m A o) 
m\o j Jq p + m v z / 



/ p z + m^ 

x Ko + m 2 + 2fc°p° - 2fc • p) exp { - 3p° ^ + 3p • ^ }. (5.2) 
Integrating over p° we get 

I(U,T,k)=4g 2 B ^- j ^^(k°^WTm^-k.p+\m s mA 
m A o J p 2 + mj \ 2 / 

x (m 2 A o + m 2 s + 2k VP 2 + m 2 s -2k-p) exp { - 3 Vp 2 + ™ 2 + 3 p • ^| } . (5.3) 

Introducing the notations p° = U°(x)/T(x) and p — U(x)/T(x) we can transcribe the 
r.h.s. of (B.3) as follows 

W T, k) = g% I ^ ( - k* A - k- A + 1 msmA0 ) 

V cjp u c/p/ J p 2 + mj 

The integral over p can be calculated as follows 

d3 P -3y/p 2 + m 2 p° + 30- p = 4?r Z" 00 rfpp sinh(3p|p |) _ 3 ^2 + m 2 p o 



p 2 + m 2 3|p | ,/ p 2 + m 2 

(5.5) 

where we have denoted p = |p |. The integral over p is convergent. However, it is rather 
complicated to be expressed in terms of special functions. Therefore, we leave this integral 
in the form given by (B.5). 

Thus, the result of the integration over q and p can be written as 

W T, *) = A % ^ ( - *± - S ■ | + \ m,m,o) 



x I m\ + m 2 . 



_2k°—-2k-—)— r d PP sinh (p\p\) c -^ + 9rnjpQ 
dp dp) \p\ Jo p 2 + 9m 2 

where we have changed the scale of the momentum p — > p/3. 
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